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Ihe Tevatron

p —> > D — p \/s=1.96 TeV

@ Peak luminosities: 3 — 4 x 10°2 cm™s
» ~10 fb'/experiment recorded
@ Tevatron shutdown September 2011
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A. Jung Determination of the pole mass at DO



D& DO detector

General purpose 4r detectors:

®» Tracker: Detection and momentum measurement for charged particles
» Calorimeter: Identification and energy measurement of jets and electrons
® Muon system: Identification and momentum measurement of muons

: in=0 n=1
mi ‘Muon Scintillators | A~
= : “,
5 — Muon Chambers 1
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Dy Top quark — introduction

* Top is the heaviest fundamental particle discovered so far
—m =173.34 £ 0.76 GeV

[arxiv:1403.4427]

dllepton

proton

s Lifetime: Tt ~ 5x10%°s, T < /A << mt/AZQC 3
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— Observe bare quark properties e ~ BR, bg
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|
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Special role in electroweak ¢ 9 ! b
symmetry breaking ? : - b
Top Pair Branching Fractions antiproton w- q
alljets™ 46% '
All hadronic , =
; \\H tHets 15% roton y/ - H
BR, bg ¢ o
. NQ0C 00
increase ™
¢ q
Hets 15% armd\,

"dileptons” o "lepton+jets”

A. Jung Determination of the pole mass at DO 4


http://arxiv.org/abs/1403.4427

DS Top quark mass

M,, [GeV]
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» Self-consistency test of the SM & stability of the EW vacuum both rely/use
pole mass — method dependent

Top pole mass M, in GeV
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> Indirect extraction from e.g. cross section, end point, J/psi method
— top quark pole mass
> Direct methods e.g. template, matrix element, likelihood, ideogram

Caveat:

“MC” mass, close to pole mass

» “MC” mass different from the pole mass

» Estimates: O(0.5 GeV) difference to pole mass

PRL 117, 232001 (2016)
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D& Inclusive cross section

> Simultaneous measurement of the ttbar cross section in the I+jets

and dilepton channel
> Combined MVA discriminant, using nuisance parameters

> Separated by lepton flavor and #jets
> Optimized for smallest uncertainty of extracted top quark pole mass
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Phys. Rev. D 94, 092004 (2016)
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D& Inclusive cross section

> Simultaneous measurement of the ttbar cross section in the I+jets

and dilepton channel
> Combined MVA discriminant, using nuisance parameters
> Separated by lepton flavor and #jets
> Optimized for smallest uncertainty of extracted top quark pole mass

[r—
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Phys. Rev. D 94, 092004 (2016)
o, = 7.26 £ 0.12 (stat) £ 0.54 (syst) pb Bs/s = 7.6%
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D&y Inclusive cross section

> Repeat experimental measurement procedure for every mass point
o Systematic uncertainties taken at each mass point, except signal model (scaled

from the 172.5 GeV case)

» Characterize slope by 4™ order polynomial, use likelihood approach and
compare with NNLO+NNLL predictions by top++ (Czakon et al.)

* Maximum of normalized combined likelihood function: zwm:) = [ fas(elm,) teue(eim) @ feve(im) o

—_

Top quark mass [GeV] Cross section o(tt) [pb]
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150 9.70 4+ 0.16 (stat.) 1972 (syst.)
160 8.25 & 0.14 (stat.) To-22 (syst.)
165 7.46 + 0.13 (stat.)T5 55 (syst.)
170 7.55 & 0.13 (stat.) T332 (syst.)
172.5 7.26 & 0.12 (stat.)T3-37 (syst.)
175 7.28 +0.12 (stat.) T 534 (syst.)
180 6.86 & 0.12 (stat.) 933 (syst.)
185 6.50 & 0.11 (stat.) F9-39 (syst.)
190 6.70 = 0.11 (stat.) F2-%9 (syst.)

g

Phys. Rev. D 94, 092004 (2016)
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“m = 172.8 + 1.1 (theo) £ 3.2 (exp) GeV

Sm/m = 1.9%
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¥ Differential cross sections

» Measured in the |+jets channel, using full DO data set
* Employ a MVA discriminant to determine sample composition
(W+light quark jets vs. W+heavy quark jets vs. ttbar)
» Top quarks reconstructed by kinematic fit (chi2 based), best permutation used
» Uses regularized matrix unfolding to correct for detector effects & acceptance

> [ _ 1 @) B _ 1 7)) m —
S ol @ DOz oT S f®Do oo L .ol @ DO L—97h
= g _ r.g:%;l(l.-h?mo < — = = Data
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3 - e i 0 [ . X’IVIfﬁ-_j_etts
10_4? Tarrsrnraranas f ............ E - 1000_-2 jets - u Ile
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m(tt) [GeV] m(tt) [GeV] 0‘
o
Phys. Rev. D 90, 092006 (2014) = T3
1
T 09
_»| * Typical precision is about 4-5% in bulk of the data| 085 i
* Full covariance matrix provided for model builders MVD output
 Constrains low mass axi-gluons
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I¥5 Predictions & Uncertainties (NNLO)

» Shows selected set
of predictions and
scale uncertainties

@ Sensitive in ttbar
mass threshold
region and 1% to 4™
bin of pT(t/tbar)
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I¥3 Theoretical uncertainties

D0 6473
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¥D Selected results

D0 6473

e AS an examp|e Shown E':I_ 100'_ (a) DO Preliminary, 9.7fb E";_ 100 (b) DO Preliminary, 9.7fb™
_ ® Data vs. NLO (MSTW2008) _ ® Data vs. NNLO (MSTW2008)
for MSTWZOOSNNLO 'g Scale uncertainties 'g Scale uncertainties
» NNPDF, CT10, £ T Fit 27,0193 . E o —Fit;,,:239
N N ¢
HERAPDF1. = 2 é X 50
5 as well o 0 NLO 5 0 NNLO y
» NLO and NNLO o @ _
r-R s
E i ‘\_J/ E I \_//
8 0_..|.........|....| 8 0_..|....|....|....|
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» Derive a chi2 per mass hypothesis S ™ @ ormmmnse S o oo
» Includes the correlations of statistical T e T L
uncertainty due to the use of reg. MU s NLO . NNLO .~
Y2 = Z(IE”‘E — gtheoy . V;}}; i (:c;”“‘ — :c}hm} S o S w
i:j 2—1 100’_ (a) DO Preliminary, 9.7fb™ 5—\.__ 100’_ (b) DO Preliminary, 9.7fb™
» Minimum of parabola is preferred top mass S il B Sewmisoaian
e . — . . —Fit 2, :1.46 2 ) —Fity 214 .
.Del_ta chi2 = 1 yields uncertaln’Fy | ©. NLO - 2 NNLO .
@ Combination of pT & mTT uses correlations in , \// i X
MC@NLO between those to derive combined chi2 ob =t o
— top mass via same approach sl il
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ED Individual results

D0 6473

mPele [GeV]

Order & PDF m(tt) prv m(tt) © pr-
NLO:
MSTW2008 169.3 £ 5.7 166.8 £ 2.9 167.4 £ 2.5
CT10 169.4 +£5.9 1679 £ 3.0 167.5 £ 2.6
NNPDF2.3 169.0 £ 6.0 166.4 +£2.9 167.1 £2.5
HERAPDF1.5 167.2 £ 6.4 166.0 £2.9 165.1 £ 2.7
NNLO:
MSTW2008 170.7 £ 5.6 168.0 £ 2.5 168.5 £2.3
CT10 171.5 £ 5.5 1694+ 2.4 169.7 £ 2.2
NNPDF2.3 171.1 £ 5.6 168.5 £ 2.5 169.0 £ 2.3
HERAPDF1.5 172.6 £ 5.6 170.3 £ 2.6 1702 £ 2.3

TABLE II. Extracted top quark pole mass at NLO and at NNLO pQCD employing the absolute differential cross section as a
function of m(tt) or py-* and its combination for the MSTW2008, CT10, NNPDF2.3, and HERAPDF1.5 PDF.

» Average top quark mass following this approach:
» Use only the three global PDFs (MSTW2008, CT10, NNPDF23)

» Follow PDF4LHC: PDF uncertainty is max difference added in quadrature
@ Using HERA results in a shift of -0.5 at NLO and +0.3 at NNLO, similar uncertainties...shifts
due to different xsec prediction when using HERA
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DEY Combined results D0 6473

mP® + 8ior. [GeV] Jexp [GeV] cale [GeV]

Order & PDF m(tt) ® pp* m(tt) @ py* m(tt) @ prr
NLO

MSTW2008 167.4 £ 2.5 +2.0 +1.5

CT10 167.5 £ 2.6 +2.0 +1.6

NNPDF2.3 167.1 £2.5 +2.0 +1.5

HERAPDF1.5 165.1 £ 2.7 +2.3 +1.5
NNLO

MSTW2008 168.5 £ 2.3 +2.2 +0.7

CT10 169.7 £ 2.2 +2.0 +0.9

NNPDF2.3 169.0 £2.3 +2.1 +0.8

HERAPDF1.5 170.2 £2.3 +2.2 +0.7

TABLE IIL. Extracted mP®"® at NLO and at NNLO employing the combined x? in m(tt) and prP distributions for the
MSTW2008, CT10, NNPDF2.3, and HERAPDF1.5 PDF. The special setting to separately determine the theoretical uncertainty

(for details see text) neglects the correlations between the bins of a measured distribution.

» Showing only the combined mass results and breakdown in uncertainty due to
experimental sources and theoretical
» NNLO scale uncertainties smaller by a factor of 2 compared to NLO
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DEY Results & comparisons 00 6473

» Consistent amongst all the PDFs & able to compete with LHC results

— 180 (b) DO Preliminary, 9.7fb’’
:'5 . (a) DO Preliminary, 9.7fb™ pRO vs. dofdX p—e—i 167.3 + 2.6
S I oy 1661125
e s fariv:1605.061631 = o 1728 £33
i ﬂLLEpﬁg?[E;’?su = 173.7+22
170} } } } } } } PRGN o et 767220
165 } % iyl 2 Mo 174302065
I fanxiv-1806.0179) bl 172.84 £0.70
160 _ | NlLG | | | NNLlO | :%!g%%%nsgéqggllonl . . . 17244 £0.49
Msmgggg ’vapg%??,q gfgprwgggg vapg%?4 Pop 165 170 175

Top quark mass [GeV]

_’Imt= 169.1 £ 2.2 (exp) = 0.8 (scale) £ 1.2 (PDF) GeV

Sm/m = 1.5%
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¥ Summary

» Extractions of the top quark mass from cross sections
» |nclusive extraction, most precise at Tevatron

> m = 172.8 + 1.1 (theo) = 3.2 (exp) GeV om/m =1.9%

» Differential extraction, additional improvement by 25%
> m = 169.1 £ 2.2 (exp) = 0.8 (scale) £ 1.2 (PDF) GeV Om/m = 1.5%

D0 6473

» Ongoing work for combination, needs detailed study of correlations

Thank you!

DO Top Web pages
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D&y Backup
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